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ABSTRACT 


A FURTHER  INVESTlGAtlCni  OF  TR€  INFLUENC*  OF 
WHOUC.BOOy  VXBRATIOK  AND  NOtSX  ON  TJUBMOR 
AND  VISUAL  ACUITY 


OBJECT 


To  dotortrJae  th«  utwr*  mad  mxtmat  oi  chmagms  ia  vUaml  mcmity, 
mmnuml  trmmor.  mad  rnimiaf  trmmar  madmr  tit*  iaAmmacm  o<  iatmmse 
noiam  mad/07  ribrmtioa. 

Km^ULTS  AND  COWCLUSKWB 


Ditfmrmntiml  oltects  oa  pmriormmacm  worm  obtmiamd  duriag  mxpoBurm 
to  differ  mat  iatmamitimm  mad  frmqmmacimm  of  vibrmtima.  Pmrformmac* 
warn  moat  affected  by  the  tower  fre^tteaciee  of  vibration.  The  moat 
clear-cut  differeatiml  effects  between  different  mmpUtudee  were  ob- 
tained at  the  lowest  frequency  (lO'epe).  No  poet-vibrmtioB  effects 
were  noticeable  afUr  ISO  miautee  of  ribratioa,  mad  no  variation  in 
performance  could  be  attributed  to  noise,  either  during  or  after 
exposure. 

RECOMMENDATIONS 

The  results  of  this  study  indicate  that  visual  acuity  is  impaired 
and  both  manual  tremor  and  aimiag  tremor  ere  iacreaeed  during  vi- 
bration. Performance  or  Ueke  requiring  hand-eye  coordination, 
such  as  driving  in  narrow  Umite  or  tracking  a target,  mi^t  also  be 
wTjpaircd.  Wherever  possible,  vibratioa  in  motorixed  vehicles  ebou’.d 
be  reduced. 
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FURTHER  iNVS:STIGATION  OF  THE  INFLUENCE 
OF  WHOLE-BODY  VIBRATION  AND  NOISE  ON 
TREMOR  AND  VISUAL  ACUITY 

I.  rHTKODUOTIOW 

— lfclW.imnJ 

fe  a pravioos  cKpartmest  m iftgmb«r  oi  p»ychophy«ic!ofi  - 
cal  ts«iieuT*»  w«7«  t«stad  as  possibts  iadicas  o£  disturhoncs  dur- 
iag  or  af«ar  sxposttrs  to  whola-body  ribratioa  sad  aoisa.  Most 
of  tbsss  wsasttrasildeludiag  tosts  of  tiqppiag  sp««d,  mirror  trac- 
i»d»  oimplo  ood  eboics  rosetioa  tUns  with  oitd  without  waraiag, 
strottgtb  of  gript  Mood  pross^rOf  sad  pulso  ratot  woto  UttU  oi- 
foetod  by  ooiro  or  vibratioB.  Two  moosuros,  howovor,  varisd 
coasidorobly  w4th  tho  osp^riaMBtol  oooditiotts*  Viottol  acuity 
was  Boticoably  impolrod  ia  proportioB  to  tho  aa^Utado  of  tho 
▼ibrstioB.  Tromer.  ia  a st^nmrtod  hood,  iaorsasod  sipBificaaily 
under  heavy  vibrstien  bat  not  uador  vibratioa. 

It  has  beoB  kaowa  for  some  time  that  vibratioa  prodases  oa 
impairment  of  visual  acuity.  CoenBOBB  (1»  2)  osd  Stovoas  (11) 
believed  it  to  be  a purely  amohaBioal  offbct.  CoormMm  reported 
that  the  exteat  of  imphinaoBt  at  aay  fre^acy  toads  to  bo  direct- 
ly proportioBal  to  the  oasplitade  af  the  vibratioa.  He  also  stated 
that  at  nay  givaa  oaspUtaie  of  head  vibroiioB  there  are  oppareai 
resonaace  points,  or  peeks  of  impairtasat»  at  varices  frefoeaeies. 
Most  of  his  stthfeets  showed  two  seoh  peaks,  oae  between  29  sad 
45  cps  and  the  ether  betweea  M ead  90  ope,  the  latter  heiag  most 
proaottBcsd  (1).  la  soother  peper  Coermwut  sagfcsted  that  there 
is  only  OBS  such  rtsoBOBOS  psek,  gsaerelly  betwesB  50  sad  tO  cps 
(2).  Crook  cud  his  essociatos  havs  demonstratod  that  vihratisii 
^the  vis^l  fisld  producss  on  impoirmeat  of  visaol  oealty  0). 

This  impoimsnt  is  smollsr  thoa  that  prodaesd  hy  a eomparahlo 
vibratioa  of  toe  body  or  head,  perliapo  Coa  to  tha  raaoBOaca  phU- 
aesaeaea  dtecribed  by  Cocnaoaa. 

A aaiaber  of  iavestifators  have  stadied  the  effeato  of  aoiBe 
oa  visual  acuity  or  oa  the  viaaal  ecatroat  threshold  bet  they  do 
not  Sfrss  oa  the  offsets  produced  (7).  tome  report  a goaeral  en- 
hsneemeat  of  visual  ocaity  (4),  oihers  report  ea  eahaaeoRtoat 
of  /isual  acuity  for  block  ohjecte  ea  a wl^te  field  mad  on  impair- 
ment for  white  objects  oh  » Mack  field  (b).  A previous  iavestiga* 
Uoa  (8)  by  the  present  author  dsmoastretod  no  such  efisots. 

Coermetm  found  an  increased  manual  tremcr  under  light 
- ■-■unon  and  a aomewhat  smaller  inevsase  under  heavy  vjn-a' 
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FURTHER  INVESriOATION  OF  THE  INB'LUENCE 
OF  W:^OLE-BCDY  VIBRATION  AND  NOISE  ON 
TREMOR  AND  VISUAL  ACUITY 

I.  INTRODUCTION 

In  a pravious  •xpcrisccnt  (•}»  a niambar  of  psychophysiologi  > 
cal  moazaras  weva  tcatad  as  fMsalbta  indlca*  of  diaturbaac*  dttr  '> 
inf  or  aftar  caesura  to  irtrhota-body  vibration  and  aoiaa.  Meat 
of  thcaa  maaattraa.idclttdUsf  taata  of  taping  apaod,  mirror  trac' 
lag,  sixapla  and  eboioa  raaction  ti»a  witii  and  witbout  wamiag , 
atraagtb  of  grip*  blood  praaaora*  and  palaa  rata*  wssa  Uttla  a£> 
faetod  by  noiaa  or  vibratioau  Two  maaacraa.  bovavar,  varied 
conaidarably  vdtb  tba  a^parimantal  coaditioea*  Viaual  acaity 
waa  noticeably  impaired  in  proportion  to  tha  aasplitnda  of  tiia 
vibraHon.  Tremor,  in  a atqppertad  band*  ineraaaad  aipaificantly 
viader  heavy  vibration  bot  not  ondar  lij^t  vibratimi* 

It  baa  bean  known  for  aome  time  that  vibration  prodaeaa  an 
impairment  el  vieual  acuity.  CoenDiam  (I*  2)  and  Mnvame  (U^ 
believed  it  to  be  a puraly  moctiaaieat  effect.  CoermeMi  rarertad 
that  tha  extant  ol  imphlment  at  My  frafuney  tenda  to  be  direct- 
ly proportional  t«  the  amptitnde  el  the  vibration.  Ke  aleo  atatad 
that  at  any  given  ampUtade  of  bead  vibratlen  timre  are  epparaat 
reaonance  pointa,  or  peaka  ol  Impbinnent*  at  vmriena  fre^iancioa. 
Meat  ol  hia  anbjeeta  alwwed  two  aneb  peaka,  one  between  2S  and 
49  epa  and  tha  etker  between  40  and  90  ope,  the  latter  being  moat 
pronounced  R).  2n  another  p^per  Coermana  auigeated  that  there 
£a  only  one  euch  reeenanee  peak,  ftMruUy  between  90  aoed  80  epa 
(2).  Crook  and  hia  aaeociatea  have  demoMtrated  dutt  vihratien 
of  the  viaual  field  produce#  m impeiriwent  ol  visual  aenily  0). 
llhia  impgUment  ia  amaUer  than  th^  predueed  by  a eeanparahle 
vibration  oi  tno  body  or  hand,  porhapa  <:«s  to  fhf  roacmanco  pha- 
aonaenon  daacribod  by  CoermaKa. 

\ numbor  of  Inveattgatora  hava  etudied  the  «l4aetc  el  noiee 
Oft  vifual  acuity  er  cn  dm  visual  centraet  Ihreeheld  Imt  they  dc 
net  agree  on  tiM  dfacte  predncod  0).  Omm  ratpert  a feneral  ea- 
haacement  el  visual  acuity  (4).  Othera  report  m mhencenMnt 
of  viaual  acuity  lor  black  <^i%Q  cn  a whibi  field  end  an  impair- 
ment for  white  objecta  oa  a blac%  field  0K  A previoue  tevettiga- 
tion  (8)  by  the  preaent  author  dumenatratod  no  such  effect* > 

Coermenn  found  an  increased  manual  tremor  under  light 
/I'.rfitlon  ftrtd  a Boxnewhat  eznaller  incveaae  under  b«avy  vib*- 


\'iaual  Af.uiiy 


As  in  the  previous  experiment  (8),  the  etimulu.i  o'  i* 

‘ r visual  acuity  measurctnentR  wms  the  projected -image  of  a Koiu 
ruling  placed  10  feet  frosn  a subject  and  seen  through  a circular  apo 
ture  2.  2 centimeters  in  diameter.  The  image  was  1.  63  foot-lao /ucrta 
in  intensity  and  consisted  of  alternate  black  and  white  bars  equal  in 
width.  The  coarseness  of  the  grating  ae  well  as  ths  orientation  of  the 
bars  could  be  altered  by  the  experimenter. 

The  test  object  was  first  projected  that  it  was  easily 
visible  to  the  subject  who  was  told  to  indicate  with  an  elacsric  sig- 
naling device  the  directions  of  the  line*.  Four  orientations  of  the 
grating  were  used:  horisontal,  vertical,  and  two  diagonal  positions. 

At  any  given  ooarvMiess  each  of  these  orientations  was  presentsd 
twice  within  a random  order.  The  coQPtenese  of  the  grating  was 
progressively  reduced  untlt  the  subject  rsposrtcd  that  he  could  no 
longer  see  bars  and  spaces.  At  this  point  he  was  still  required  to 
guess  the  ori^n&atioa  cu  the  linee  of  the  grating.  The  last  setting  of 
t'n<«  grating  at  sHileh  the  subject  made  two  cor&'ect  tdentlftcatioas  of 
the  hori.«ontal  orienUiucn  was  *altan  as  his  threshold.  Settings  wftru 
read  directly  from  the  scale  atir  chad  to  tha  Claeon  ^rejector,  llie 
scale  is  based  on  decimal  acuity.  {Decimal  acuity  rea^ags  arc  clinical 
measurementc  eons\*'rted  to  decdniala.  Thus,  20/S0  vision  oorreeponds 
lo  a decimal  acuity  ot'  I.  OOi  20/49  l«  an  acuity  of  0.  SO,  ate. ).  The 
subject's  chances  ei  gu^esing  correctly  the  orientation  of  tho  grating 
at  any  given  setting  waa  «sily  «n«  in  eintcea,  and  at  iwo  coaiecutive 
settings  ohl'y  one  In  2S4. 

D.  Conlitiout 


1.  Vibration 

Tho  souroo  of  vibration  h?'b  kaon  dctcriWd  in  a pravious 
roport  {0).  Cssotttlally,  it  c(.*iiaielid  of  a oisalcoofttlppod  platform 
which  vibrated  sinusoldanv  i«  a v«r(£cat  pla«»t  at  frsqti«useioo  ranging 
from  S to  40  epe  at  poak-to^inalt  ampUi^qa  te  ciM»«lMilf  inch.  In 
« proliRiinary  axporinont  ampiltudn  ^rfukoMh  iniwi«4into  awsoyance 
and  endurability  wor*  doUirmiaod  wtA  U Inkeratorp  paroonaol  at 
frequencies  of  IS,  2S,  and  SS  ep«.  Tho  throaboMa  art  dtaeuaatd 
later  in  the  roport.  It  atented  doalrabla  to  oatakUali  two  Utvala  of 
vibration  (a  "light"  and  "hoavy^'  level),  varyiii|  in  dagrto  of  dis- 
:&  the  and  not  Ukely  to  b«  isjurioua  over  a 2 1 / ? 

hoar  period..  The  "light"  level  waa  eatablishid  at  the  mean  anno/ancr 
ihrerhold,  while  the  heavy  level  represented  the  arithmetic  mean  of 
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■iiHioyancc  and  endurability  ihreobolds.  The  "light"  levcia  tl.>i 
■ tamed  gave  root  mean  aqtiare  (rma)  values  of  0.  0Z4  inch  at  !>>  » (“i, 
i'  0!Z  inch  at  25  cps}  and  0.  011  inch  at  35  cpo.  The  "heavy"  level e 
(rms)  were  0,  04  inch  at  15  cps;  0.  020  inch  at  25  cpe;  end  0.  019  inch 
at  35  cpe.  The  " light*'  levels  were  picked  as  levels  which  would  be 
at  least  mildly  disturbing  to  the  subject.  Since  the  thresholds  were 
secured  at  minimum  exposure,  it  seemed  doubtful  that  subjects  would 
endure  the  endurable  or  "barely  tolerable"  levels  for  ae  sxtended 
period  or  that  such  exposure  would  bs  advissble.  The  mesn  of  the 
annoyance  ana  tolerance  threehold  was  therefore  established  as  a 
more  than  annoying,  or  "hsavy"  Isvel.  One -third  of  the  subjects  were 
vibrated  at  15  cps,  one -third  at  25  epa,  and  ons -third  at  35  cps.  All 
subjects  wars  txpoasd  to  both  the  "light"  sad  *'hsavy"  lavsls  of  vi^ 
bration  at  their  respective  frcqueaoiea. 

2.  Noiae 

"Light"  leve&i  of  vibrattoa  previously  described  produced 
no  more  thaie  95  dcslbela  4^  aoisa  as4  Aa  ''heavy"  lavela  produced  no 
more  than  105  decibels  of  aoise.  jht  the  noise  condition  of  this  study 
a recording  of  tha  platfertn  noise  wns  ployed  at  115  decibels.  (This 
is  e ohangs  frocn  the  e^^riment  disooribed  prs^vieusly  (S)  ic  vdiieh  a 
98 -decibel  aoise  source  wee  need. ) The  recording  wns  mede  on  nn 
Ampex  recorder  end  played  through  a Itogan  amplifiei?  and  an  Altec - 
l.>&nsiRig  eoaxlol  speaker.  The  platform  noise  hod  r relatively  wide 
fre<|ueni!>y  spootrum  ooneentret^  priselpelly  below  1800  cpe.  The 
meaeurement  of  115  decibalis  'wat  token  at  ^e  peaitiost  of  Ota  head  of 
th«  subject  in  a free  field  with  st»  H.  H.  Oeott  seuad  level  meter. 

3.  Control 

the  esutrol  oon41^$9£  there  wae  no  vibraUea  and  no 
nedse  except  ambient  noise  which  varied  between  50  and  65  deeibels. 

C.  Peeiga 

Table  1 liste  the  eegaenees  of  test  eonditIcHtte  used  in  the 
study.  There  were  24  poeeibU  eciHUtieii  eegueneoe  and  5 posaiblt 
test  sequottoes  - e total  of  144  test  conditions.  Altiwugh  the  same 
combinations  for  saeh  of  three  vibrnttm'^  frequeneiee  wmdd  have  been 
desirable,  a total  of  452  subjeota  and  an  inordinate  smeuat  ef  time 
would  hove  been  required  for  complete  eounterbelaaoing.  In  practice , 

I test  stsquence  was  paired  randomly  with  aaoh  of  6 condition  ssqueno 
* wso  assumed  that  the  order  effect  from  the  second  to  the  third 
. tion  ir  a sequence  (overnight)  is  less  than  that  from  th«*  f. 
to  'lie!  os-  she  third  to  the  fourth  {ss>i‘hln  sday).  Thr  «•  o ce^ 


M.”  V ^ ^ -gi  X.' 


•a  wi^re  selected  counterbalance-  order  efftcis  within  a g’vr^i,  ’ 

TABI£  1 


mvtiimru.  aEOOCNCEs 

.1  — III  i.11  >.  — iii^w.  


i sEQtnatcE  or  ooromoNC* 

BK}tS3CE  or  mS78* 

Day  1 

Dar  8 

OA** 

A.** 

*v 

l» 

hc 

AW 

d< 

LK 

VM 

m. 

MC 

V4N 

CL 

XN 

MVA 

IC 

M&f 

*Ecjk  «f  itiM  «iMM  $ ••■blaetlMia  •!  e—diti—  mi{d»mm  (M  t»a«  tatpeaM  ««e 
atjllaad  far  — ****1111  (H  mhi  IfltrBf***  Ui»r«  ««r«  tlwa* 

nswfti  (at  iS.S»«  e!ii£  $$  « tetei  «f  U 6*f«%U«tUat  »f  ••dVMMMM 

<n)d  fr«h|«aaoi«c  «#•  Ktlliaad.  A rw>ii«  Mrdar  af  tbaaa  II  wm  aatakllsUd  mA 
M<}|i  aakjaut  am  aaal^swS  ta  c eaiAlMtlM  ik  ardar  af  arriasl  at  tka  laftaraiary. 

••£ : aas  w.' ’“rj'ia-iSUifi* 

Thr**  fttfiodddiv*  e*p«titiMia  of  oach  toat  eosatitttted  aa 
expcrianenul  trial.  Trial  A waa  adwiaiatarad  prior  to  aiqpoaora  to 
a conditlont  Trial  B at  Ota  Iwigtnaliig  of  axpoaurat  Tr^al  C af:»r  40 
minutaa  of  ^apoaura;  Trial  O i^tav  10  minutaa  of  atqposura:  T^ial  E 
2 houra  aftar  tha  bafba\t\\g}  aad  F tmmadiataly  aftar  caaaation 
of  expoaura.  Tha  avaraga  tima  par  trial  waa  20  mimtsi,  a»d  all 
expoauraa  ware  for  2 1/2  houra.  It  waa  fait  that  if  4 trials  wera 
ctpac<sd  rothar  avanly  throughout  aa^oaura,  tcsupo3t^'}ll  iiihaiitfaa  during 
esqioaura  would  haeoma  apparant. 

D.  Suhjactr 

Tha  IS  aubjacta  ware  trainaaa  from  tha  Armorad  Caatar  at 
Fort  Knox.  Thay  wara  batwaan  II  aad  H yaara  of  afa»  in  good 
phyaieal  eonditloo,  and  within  tha  normal  rang#  of  intoUig^aeo.  All 

appaarad  to  undaratand  tha  inatrucUona. 

$ 

111.  iucsm.Tt 


A.  Thraaholda 

Tabla  2 aummarisca  thraahold  data  obtainad  for  13  pro- 
fessional and  tashnieal  mambara  of  tho  laboratory  ataff.  Standard 
deviations  and  etandard  arrora  of  maana  are  incl^dad  only  as  a matter 
A general  information.  They  cannot  bo* uaed»to  teat  significance  (n 
(f-  >-ence3  since  all  meant  were  obtained  for  the  same  13  people 


' •,  '’K  given  are  amplitudos  of  platform  vibration  I ^>t 

'■'•  iM  Miiat  vibration  are  somewhat  amaller  than  the  siaied  ai- 
tuuets  d>'e  to  lack  of  rigidity  of  the  tank  bucket  scat.  It  it>  noiev.  >■ 
that  threaholde  were  conaiderabiy  lowered  between  15  and  Z5  cpa. 
but  wore  almost  the  same  at  25  and  35  cps. 


?Ml£  3 

t.M.s.*  TOBEaHou*  or  'wnwriw*  m 'wbely  Touawwjs’.viwATioii 
are  Udbiw  ef  <npiltic4«  of  plstfan  vthMtlM) 


A* 

m* 

A» 

ir» 

A* 

SP* 

.024" 

.OSS 

.013 

.030 

.011 

J)37 

,015" 

.031 

.001 

.017 

.000 

.013 

.0013** 

.0017 

.K>1« 

.0007  ! 

1 

.0010 

‘H.M.O.  -.Rsot  Msm  SipMvt. 

A = ’Amsysew*  tkrakskl. 

8T  ‘Bartly  TsUMkls*  sr  *BMISfekAtAt|r*  thrastudA. 


Figure  1 and  Table  3 preeent  tb«  ihretholda  of  viaual  acuity 
before,  during,  and  after  enpoaure  to  tiMS  axperimon^sl  conditions;. 
Table  4 indieatea  the  significanea  of  the  ehai^ea.  'V’oriancoa  .duo  to 
experimental  trial  and  e:^porisnat^^  coaditiona  wora  aifnilicant  beyond 
the  0.  01  level,  while  Interactlona  of  those  variabloa  and  interaction* 
involving  the  frequency  variablea  were  generaily  ■igaificant.  A 
further  analysis’^  indicated  that  during  expoaure  either  to  light  or  huavy 
vibration  visual  acuity  wa*  impaired  eignificantly.  The  difference  in 
impairment  between  light  and  heavy  level*  wa*  considerable  and  con> 
sistent  on  rapeated  triaU  at  IS  epa,  M 25  and  3S  cps,  ditferenc** 
ware  emalUr  and  not  convisieni.  Impairments  were  conaiderabiy 
larger  at  IS  cps. 

There  were  no  syetemaUe  or  significant  diffaranees  bstwaen 
trials  during  sxposure  to  the  experimental  oonditions,  nor  were  there 
any  apparent  changes  resulting  from  axposure  to  any  axpavimental 
condition.  The  noise  employed  in  this  experiir»snt  did  not  significantly 
affect  visual  acuity. 
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EfTBCT  OF  KOISE  AJfD  VIRtATIOK  ON  VIStJAL  Amt' 
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C.  Manual  Tremor 

Fijpure  2 and  Table  5 pretent  means  of  aianua'  t>-..r.  o 
before,  during,  and  after  expoau7e  to  the  exncrimenta]  condition-' 
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> u eufrifnaritea  the  analysis  of  variance.  Variance  beiwci’n 
between  experimental  conditions.  t.he  interaction  of  these 
v.i!  lablea,  and  the  interactions  of  frt:quency  with  these  variableu 
were  all  significant  beyond  the  0.  01  level.  Further  treatment  of  the 
data"*  revealed  that  noise  did  not  eiff^aiticantly  alter  mhnual  tremor. 

The  vibration  means  did  not  differ  significantly  from  the  control, 
nor  was  there  a significant  difference  between  trials  during  exposure 
to  vibration.  Manuial  tremor  increased  significantly  while  undergoing 
both  vibrating  conditions,  ll^e  significant  interaction  of  frequency 
and  eitperimental  condition  is  shown  quite  clearly  in  Figure  Z.  It  is  ^ 
apparent  that  increases  in  tremor  wees  considerablygreater  at  15  cps 
than  at  higher  frequencies,  and  that  the  difference  in  impairment 
between  "light"  and  "heavy"  levels  was  larger  and  more  consistent 
from  trial  to  trial  at  15  cps.  Differences  between  trials  during 
exposure  were  not  significant. 

D.  Aiming  Tremor 

1.  Comparison  of  Tremor  Scores  in  Different  Oireetioni 

It  was  orlf^natty  jilanasKl  that  the  four  tremor  scores 
would  be  combined  into  one.  Upon  Inepection  they  appeared  to  be 
representittivc  of  different  populations.  Sign  tests  indicated* the 
tremor  to  the  rig^t  did  not  differ  appreclahly  from  Sis  tremor  to  the 
left.  The  tremor  i^kward  exceeded  the  tremor  to  the  right,  end 
tremor  downward  exceeded  tremor  i^^ward  (both  beyond  the  .01  level). 
Consequently,  the  four  measures  were  $sot  pooled. 

Z.  Kffects  of  Noiee  and  Vibration 

Figures  3,  4,  S,  and  6 reprssent  ths  variation  of 
different  components  of  aiming  tremor  with  the  (ixperimental  con- 
ditions. Tables  7 and  • Ust  the  maans  and  raagos  of  vartieal  aiming 
tremor  before,  during,  and  alter  exposure,  and  eummarlMe  the 
analysis  of  variance  for  that  measure.  Downwasrd  tremor  was  ss- 
)«cted  for  this  analysis  since  it  seemed  meet  eaiisitive  to  vibration 
effects.  It  is  apparent  from  Table  9 and  from  axtaasions  of  tha 
nrat!  /»ls4=a  that  noise  did  not  affect  aiming  tremor,  but  ^at  tremor 
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WAS  incrcaefKl  aignificAaitly  4uri«f  iribrAtion.  A«  in  tb<  cat*  of  tb« 
other  m«A0ttrea,  iacr«A««  in  trainer  wn§  jgreeteet  at  the  IS  cpe,  aad 
the  difference  in  iacrcaee  between  the  "light”  and  "heavy"  levele  wae 
greatest  aad  most  eoniieteat  from  trial  to  trial  at  ttde  lre<i«eney. 

IV.  PISCUSSlOW 

A.  Tolerance  Threeholds 

It  is  not  known  whether  valnes  of  annoyance  aad  teleraaee 
previously  retried  by  Xafher  and  hteiater  (Id)  reprea^t  root  meaa 
squares  or  peak>»to-peak  ancpUmdes.  £ven  if  damping  la  taken  into 
consideration,  by  mnltiplylaf  ali  valnea  by  2,  the  values  obtataed  are 
obviously  hi|^r  than  Steiher  and  Meietcr  tlireaUoldb  or  these  of 
other  enperlmeaterf  disi^^seed  by  Jaaeway  (S).  Mor^^r.  the 
"heavy"  lavelc  are  coasKd'irabty  above  the  ReJber  iM'  Maister  teler- 
ancc  values.  The  threshold  at  18  epc  was  lower  t^  that  reported 
by  MUller  (9). » 

i~Tole ranee  values  obtained'  iby  Rents'  aad  bieister  ware  approxl- 
mH'cely  .02".  ,007",  and  . 002"  at  15,  7S,  ;ujd  |&  cpi,  rcspectivelv. 
reported  s'thr2shold  of  0,?*  ot  tS  cpa. 
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J hf  reason  for  these  discrepancies  is  not  clear.  P-  » 

)’..  •:  c.f  the  subjects  may  account  lor  the  differences  in  ii»<* 

■ uterent  experiments.  The  practice  of  liaing  "tolerance’'  or 
■annoyance"  thresholds  as  limiting  values  of  vehicle  vibration  ir 
questionable.  Thresholds  differ  from  one  esperiznent  to  another, 
probably  as  a result  of  the  morale  and  motivation  of  the  subjects, 
wording  of  instrsictlon.  Mid  other  undetermined  variables.  Moreover, 
even  if  subjective  thresholds  ware  consistent  and  stablsi  there  would 
be  no  logical  reason  to  assume  that  such  a threshold  represents  a 
limit  of  safe  vibration.  Certainly,  some  personnel  (e.  g.,  drop -forge 
workers,  gua  crews,  etc4»  addle  net  aware  of  possible  effects,  are 
willing  to  work  S».  noiey  anvirGnmente  which  may  eventually  damage 
dieis*  hearing. 

fi.  Impairments 

It  appears  that  visual  acuity  is  impaired  and  beta  manual 
tremor  and  aiming  tremor  are  increased  during  vibration. . There 
ivas  a tendency  for  these  effeete  to  increase  with  amplitude  but  ^e 
tendency  was  not  consistent  at  hi|^er  frequencies. 

It  might  be  objected  that  Ac  "heavy*'  end  "ii|^t"  -amplitudes 
at  cps  were  much  lees  Aan  At  correspoiuiiaf  levels  at  IS  cps. 
Thsrefore,  il  emplitudt  determined  the  ^served  decrement,  it 
might  be  expected  that  Ae  higher  frequeaeies  would  produce  less 
effect  et  a invest  subjective  level.  "Lig'at"  levels  wtrs  0. 024  inch 
rms,  0.  012  inch,  and  0. 011  inch  at  IS,  2S,  and  3S  cps,  respectively; 
corresponding  "heavy"  values  were  0.  f 4 inch,  0. 020  h^h,  end  0.  019 
inch. ) However,  Ae  feet  Aet  At  excursion  was  half  as  grset  at  15 
cps  should  be  ccmpcasat«d  f«r  by  the  tact  Act  Ae  movements  occurred 
one  and  three -quart*: rs  tinies  as  oftee.  Moreover,  Ao  etfects  at  3S 
cps  ware  obviously  rmallcr  than  Aos  t at  2S  ops,  tven  Aough  As 
amplitudes  were  Ae 

Ccermetm  sod  others  seiofed  out  (1,  2,  f}  Aat 
traasmlsston  of  vibration  is  ihly  rsdwead  UtfAev  fJoqusncles. 

Slneo  (!&e '^rts  affected  (e.g.  „ hestf  eyi^baUs  hun4s,  end  arms)  ere 
at  different  distsnccs  from  Ae  vtbt  idun  source  end  probably  dt^er 
considerably  in  aeArel  frequency,  extent  of  impairment  wctukv  diffcv 
according  to  Ae  nature  of  Ac  las  eppsared  U>  be  Ae  lo  Ae 
i;r«ignt  study). 

If  only  mrvttsnical  factors  were  operstivoi  It  might  b©  tr 
t.'d  that  higher  amplitudes  would  produce  consistently  mors  deerr 
!hAi'  lOwer  arnplltudas  at  a given  frequency,  'fhl*  ^inr-  >io' 
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'.  < I rga  rding  impairment  of  vmual  acinly  :»!  . ‘ 

T-ani  11!  aiming  tremor  at  2‘'i  or  35  rpn.  It  ii  possibi. 
ight'f  Irequencica  the  higher  amplitudes  brought  compi/noui . .. 
ni»mo  into  play,  while  the  ower  amplitudes  did  not,  (Th’.e  ‘ s i-.'. 
accord  with  Coermann**  interpretation,)  On  iiie  otlniM'  hand,  the 
cps  Ibravlon,  being  considerably  less  atlenunted  than  vibrations  »t 
25  b.nd  35  cps,  may  have  been  so  large  at  the  higher  amplitudes  that 
compensation  waa  not  feasible. 

An  alternative  explanation  might  be  that  inconsistent  differ- 
ential effects  between  amplitudes  at  a given  frequency  might  reflect 
changes  in  body  position  or  body  attitude  (slumped  or  upright,  relaxed 
or  tense)  which  would  alter  the  attenuation  characteristic!.  This 
latter  interpretation  would  not  explain  why  differences  between  levels 
were  so  much  more  pronounced  and  consistent  at  IS  epa  than  at  25 
and  35  cps.  A future  experiment  might  miniroine  this  factor  by  de- 
liberately controlling  body  attitude. 

Statements  as  to  differential  effects  at  various  frequencies 
and  interpretations  of  such  effects  should  await  the  results  of  more 
extensive  studies,  employing  larger  numbers  of  subjects.  Results 
of  this  study  do  not  entirely  Agree  with  Coermann's.  He  reports  a 
greater  tremor  at  low  ampUt^es  than  at  high  amplitudes  at  a give.a 
frequency  and  implies  that  this  effect  is  due  to  compensation  on  the 
part  of  the  subject.  It  is  not  clear,  however,  whether  he  is  talking 
about  tremor  during  vibration  or  after  vibration.  In  the  frequency 
range  in  which  the  experimeat  was  performed,  bis  after-effects  were 
nil,  as  they  were  in  this  study..  Results  ut  the  higher  frequencies  In 
this  study  (close  to  Coermaan’s  lower  frequencies)  suggest  :!iat  some 
sort  of  compensation  on  the  part  of  the  subject  may  have  been  op«?^tinie 

V.  SUMMARY 

Moan  ‘'annoyance"  and  "tolerance"  levels  under  vibratior,.-^ 
were  obtained  for  13  laboratory  personnel  at  15,  25,  and  35^::^iS^ 
sinusoidal  vibrations.  Arbitrary  "light"  levels  were  oe^'litthe  moan 
annoyance  levels,  and  "heavy"  level?  were  set  at  ys?xte»  intermsdiate 
between  the  annoyance  Bind  tolerance  levels.  AiJL^la  subjects  wor« 
exposed  5o  both  low  and  high  levels  of  vihr»*,''.i'5n;  6 Sst  15  cps;  6 at  ?.5 
cps;  and  6 at  35  cps.  The  18  subjects  tested  for  visual  acuity, 

tremor  in  a support*<i  hvtnd,  and  s'.^Ming  trsmor.  Tests  wore  per- 
formed once  before  exposure  - tour  times  during  exposure,  &nd  on<  - 
after  exposure  to  «ach  v^’^ratinu  condition,  a 115-docihei  nolsci 
wiutition.  and  it  .‘oe'  , ol  condition.  Generally  speaking,  !iti<'ing 
,1..  v(«!i'  ' •-ulty  woo  impaired  and  manual  tremor  aon  a . 


: H/r  / ere  jr.crcaoed  whilci  noiue  l,\ad  no  t-ffcct.  Fffe.  « %«. 

( I iiuouncea  at  15  epa  than  at  the  higher  frequencies.  Cl^-ar  v . 
difle "ential  effects  between  ’’light"  ami  "heavy"  vibration  wex'c  • 
'.>nly  at  lower  frequencies.  Poentble  e-xplanationB  for  She  latter 
were  dir. cussed. 


VI.  RECOMMENDATIONS 

ExtexiSive  curves  for  visual  acuity,  aiming  tremor,  .^nd  manual 
tremor  during  vibration  should  be  obtained,  employing  a greater 
variety  of  frequencies  and  amplitudes  and  a greater  nm'b'  . of  sul^ 
jeets  in  various  body  positions  and  attitudes. 


When  hand-eye  coordination  is  important  (e.  g.  , 
ca’4  ^ ohould  be  taken  io  reduce  vibration,  eapecl^ 
frequencies. 
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